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^-v^: 1/ 



ffiirtl 3& V ;V «r '2>V'-i^-^-^S <7)cDNA=Sr o fiDNA =Sr , ^fl&^ffl <0 

(c) V.i^*-^-<0^t-^ vi5^:^>'^<7);ti£^I J; 0(^Af^il)tt?$^mi:GABAfPliitt 

(a) GABAf^Sltt^*^J3&mi^Jia=^-^tf«Bm^H«:illSl-r^X® ; 

(b) ^tlJtt1=t^S^tfKGABAcO'a-^^^GAD67<?)7'n*- -Tm^'^ Kl5§'J»tt<^ 
tt® ^'ft-^i- MS <^cDNA^ o 35: v> /f DNA=lr . ^m^ffl<^#^fla iw^Ai" ^ XS 

(c) ^^J jit14<?)^il i "J GABAfjf i&tt^*^^J3& t GABAf^m^^*^MIu l^flS =Sr 

#g|-r^x@ ; 

{^Wm.^^o - t 0 GABA^^iJj14^^«H«rlEm^#^i-'i>X®. 

im^^ 3 1 GABAf^iJim^ji^mo<J?^ «:^<^mi-H&raBJiao^g|:^&'t?2b 
oT. J^T<^X^: 

(a) GABA^^ll)tt^$MflgfrlETO^^tf^J!&^ffl«rPMi-^X^ ; 

(b) «l$IJtt#^s^J^®GABA<^'g-^^^GAD67<^7'n-=e-i5'-T5£t^. at-fST-^-^^ 
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fzQ^Rkimm^^mmmmMm^^t^mfi^mm^mm.'t^miim ni^hA <^v^-f 

:^ 5 <0-)5^o 

imim 1 1 ] itlLii^^** t: h T-ab ^ > W^:^ 1 0 (O-^^o 
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m^m 1 3 1 m%mw^ h Tab^> m^M 1 2 0:^:^0 

[m^M 1 5 ] m^my^^^ 1 4 <o\^^'fM^<D:fjm\iz^ «9#<bttfc. gaba 

o 

[0 0 0 1] 

[0002] 

iimt>fLX\f^^o i^&nximmimmmmimmi^mmMt LTy-aminobu 

tyric acid (GABA) '^'fs^v^ mmm^mm^itGlutamsite^md o i^m&M<7)^m 
L7b^L^J:Tb''ti>mtLX. ^X(0^mmmi)m^Ltt^if>. f^^tLX^M^ 
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y) . jtHi/cic X y) #»(^ ;V' V -^7 A Tbmm.mzmx-r ^ c: i «9 mm^ i^m^ 
^^j^T'{±?^5^^-c^±iiv>056-•r^ •7±-ij:^mM^m^.\^xmm^f^(o^^-^n 

\^^fzmmi^t>^^ o <^ i d ^^ffiJffll&f^-7 * - 7. tcGABAf^iliftW^mifi^ 
[0 0 0 3] 

immmm<7>mmii^mmmmmizmm^w^^t ^^m.u 1997^1^11^1 

Hlw^^LTV^-Sdamamaki et al.. J. Neurosci 17: 8313-8323 1997) o tfz 
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CIttiitiglJlC, :?it|a<^Anderson S. ^> ^ 1997^tC10B27B ic|^^O^^LTV^;g> ( 
Anderson et al., Science 278: 474-476 1997)o ^i^K^<D^mit. -^MMJ^ 
mW^&<DfpX-i>[^m&J^^mm^Wihift:h:iii7bm^^tiX)S^ (Lsvdais et al. 
J. Neurosci 19:7881-7888 1999). :^^J^^IE3l<^ft'-C^)F«gi89tClJBt>^x* CI 
tli. jl^iBS^<^#filtCJ:oT^>?iE>:^tLTV^;5>(ffichterle et al., Developme 
nt 128:3759-3771 2001) o L-^^L-Xm&J^^W.^lik^li^^M-^^i^^^<7)Tl)>(D^Jtm 

Tb^h^ (Letinic et al.. Nature 417 : 645-649 2002)o C:<^^^lCib^65%0 

. ^oj:^5&mmM*ti. ^<Dmm<r>§tmm(7)if^mmx<DGABmw}m$mmm 

[0 0 0 4] 

mmmmmz'$^^t^t!bit>. ^iti.fz^mmmmm<D0' <<oi> <D7&«GABAf^i4?*^ 

^<7>^ff -7 * - * 7> tl^flil' J: i9 tt^ t T^* ^^^^t-A^X^fztj:h imm^ 

i^^i^K.^:Lt i>mwx ^^TbK ^fitx<Dtz: amm^k^rxn h ^fzGi&m 
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[0 0 0 5] 
[0 0 0 6] 

[^#l^p:S:m 1 1 

Anderson SA, Eisenstat DD, Shi L, Rubenstein JLR. (1997) Intemeuron mig 
ration from the basal forebrain to the neocortex: dependence on Dlx gene 
s. Science 278: 474-476. 

mmwexm 2 1 

Gritti A, Parati EA, Cova L, Frolichsthal P, Galli R, Wanke E, Faravelli 
L, Morassutti DJ, Roisen F, Nickel DD, Vescovi AL. (1996) Multipotentia 
1 stem cells from the adult mouse brain proliferate and self-renew in re 
sponse to basic fibroblast growth factor. J Neurosci 16: 1091-1100. 

Jin X, Mathers PH, Szabo G, Katarova Z, Agmon A. (2001) Vertical bias in 
dendritic trees of non-pyramidal neocortical neurons expressing GAD67-G 
FP in vitro. Cereb Cortex. 11: 666-678. 

Lavdas AA, Grigoriou M, Pachnis V, Pamavelas JG. (1999) The medial gang 
1 ionic eminence gives rise to a population of early neurons in the devel 
oping cerebral cortex. J Neurosci 19: 7881-7888. 

mwwe:^m 5 ] 

Letinic K, Zoncu R, Rakic P. (2002) Origin of GABAergic neurons in the h 
uman neocortex. Nature 417: 645-649. 

Nakamura K, Nakamura K, Kometani K, Yanagawa Y, Iwasato T, Obata K, Mina 
to K, Kaneko T, Tamamaki N, (2003) Evidence that GABAergic-neuron-progen 
itors originating in the ventral telencephalon proliferate in the parenc 
hyma of the developing mouse neocortex, (in preparation). 
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Porteus MH. Bulfone A, Liu JK. Puelles L. Lo LC, Rubenstein JL. (1994) D 
LX-2, MASH-1, and MAP-2 expression and bromodeoxjmridine incorporation d 
efine molecular ly distinct cell populations in the embryonic mouse foreb 
rain. J Neurosci 14: 6370-6383. 

{fmw:icm 8 1 

Reynolds BA, Weiss S. (1992) Generation of neurons and astrocytes from i 
solated cells of the adult mammalian central nervous system. Science 255 
: 1707-10. 

Tamamaki N, Fnjimori K, Takauji R. (1997) Origin and route of tangential 
ly migrating neurons in the developing neocortical intermediate zone. J 
Neurosci 17:8313-8323. 

mmw^:m 1 0 1 

Tamamaki N, Sugimoto Y, Tanaka K, Takauji R. (1999) Cell migration from 
the ganglionic eminence to the neocortex investigated by labeling nuclei 
with UV irradiation via a fiber optic cable. Neurosci Res. 35: 241-251. 

mmwicm. 1 1 1 

Tamamaki N, Yanagawa Y. Tomioka R. Miyazaki J. Obata K, Kaneko T. (2003) 
Green fluorescent protein expression and colocalization with calretinin 
, parbalbumin, and somatostatin in the gad67-gfp knock- in mouse. J Comp 
Neuro 1 ( subm i 1 1 ed) , 

mmffxm. 1 2 1 

Vescovi AL, Reynolds BA, Eraser DD, Weiss S. (1993) bFGF regulates the p 
roliferative fate of unipotent (neuronal) and bipotent (neuronal/astrogl 
ial) EGF-generated CNS progenitor cells. Neuron 11: 951-966. 
l^mW:Scmi 3] 

Westmoreland JJ, Hancock CR, Condie BG (2001) Neuronal development of em 
bryonic stem cells: a model of (JABAergic neuron differentiation. Biochem 
Biophys Res Commun 284: 674-680. 
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[0 0 0 7] 

i^m^m^ u J: 9 1 1- ^ mm] 

i> o 

[0 0 0 81 

m'^m^j:i^^'r)^^^-r^i^^-^-m&<^dm^'ots:\^^fzm\At:. mmM^m<o 

(c) i^:^^- ^ -<D§fr h X 0 GABAi^m^mmmmtGABAim^ 

(d) itmBg^if t J; ^GABAim^nmmmmmmm^mmir^iM. 

[0 0 0 9] 

tfz:L(D mm<o^m it. GABAV^W}^nmmm.<o^ ^ ^^m'rmmmm,<D^m.-^ 
{a)GABAimm^^mmmmsimt:^tfmmmm^mm-r^i:m ; 

9 
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[0 0 10] 

m x.^^OcDNA =^^^ t TtDNA h . itf»a«;^^ x.f^ ^ "Ttg ^ v 
:h;v^l&-r'5.i^'i^°^^-^f&^1-'l>:^-fe';' hDNA^. ^I^^Ho^^Ji&lcSXI- 
^XS ; 

(c) U:^--$^-m&(0^it<Dy^mKX 19 GABA^^Hltt^f i: GABA-f^Itltt^^ 

(d) mmm ^ #o ci t j; GABA^-^iiti^^fla bu raajia ^ M^m-r h xe> 

[0 0 11] 

(a) GABAf^»tt^*^liatlrraimS:#tf^fl&*H«rmi-r'2>X^ ; 

(b) ^®!]^?* ^siit^^GABAcO-g-^^^GADe?*^ -fu^-^r -T^3£^::^ 

(c) ii^fijii-^<^^ii mmmm^mmu t op&mwi'mmsimMwm^ * 

(cDlimtg'^^^^ i: J: J9GABAfpS!j14#»8SaBulEaJ!a^#SI-r^X^. 
[0 0 121 
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(a) - (d) - (b) - (c) h o fzM^-V iyX<. ^ ^ v> (a) - (b) - (d) - (c) -e^ o 

^m<^(Oi^miZX^XXm.(h)t:^f^^ti>(D-^^. ^(D^^^Klt. (b)-(a)-( 
c) - (d) ^ (b) - (a) - (d) - (c) i: v> o tzM^X^^M ^ mm-f S d ^: ^ T § ^ o 
[0 0 13] 

m-<^mmLfzG&Bkimm$mmmmmmm^^t^mm^m^mm-t& i(>\ t tz 

[0 0 141 

^h\,zmm<o^mKis\^>xit. mmxm-A^. ^ )v:^^^\^tz^mtm:. 
mMmi. ')^v-2^^^i.fzj^nn^(D\^^-rM^^^tTct^u-t \^\^^mMt 

[0 0 15] 
[0 0 16] 

tfz^hiz^ mm<o^^mKis\^^xit. 7,7'y:nd)x^mLfzmm 

[0 0 17] 
[0 0 18] 
[0 0 19] 

[ll^ollife<^?^^,] 
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^(D^t^\f^do m^if. ^^i^BmJ!^<DmmmmtLX^ 0-2A progenitor ce 
[O 0 2 01 

1. Jfe;B^E160"=<"!7XtCBrdU^^l9^it-^. iS^ t'«^@^LTBrdU> MAP2 
[0 0 2 1] 

2 . ig^E COGAD67-GFP knock- in -7^:^ izmUmrdl]/^)^:^ v ^Srfi'o 
T^b. GFP|^14GABAf^litt^$^JiaOPj'tC^>BrdU^5!giS^S:#o^><^);6^^l9. Zl 

[0 0 2 2] 

3. f§5g^55^^fo7t||®^tcj:^i:. Ji&B:^rafflflM^lwGAP43-EGF?tr|&^$-iir^ 

*ii^m5&«# < tL^;6>% Eiymi^tc .^^ ^ ^^-^x lx^ wmi^^mmii 
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[0 0 2 3] 

t#x.«bttrv^;g,o SV40 origin'^r#fc■f^ Miimol^lciix.^ .1 1 <^fcv^T 
Wm-r^^t\m^^o ^fl\z.n\^. SV40 origm^Xtt/c. «ii5gO^JC« 

[0 0 2 4] 

GADeyl^tt-C^^SClii^^BLfZo CK^f&mti. GABAf^Ili14^$«l)!a<^:S'>fk<^^ 

Jismiiicisv^-r. #msom^^.;^th-ri=*^#mtGABA<^iiitt#«asao;5^ 

^^^mi-GABAf^i&tt#^Jl&lBuMam^E«iJ1-^9^^5&^^5^«<^^v^r-^of^ 

o 

[0 0 2 5] 

ioa^S^GADe? promoterfg14=Sr'ftoTGFP^^i^^-^<5>^<;?^{i. GABAfPtdl^^ 
mmmKGmi promotertcCFP dm^'0^^^fiim^-J-y:ffyxmXLfzmTb^ 
##$tLTV^^(Jin et al., Cereb Cortex 2001 11: 666-678) o tfz. GAD67 p 
romoter<^T^i£lcGFP cDNA^:055^v^-e^'fe#:±^C&,^7X^ffGAD67-GFP knock-in 
mouse-e{i. GFP^nim00%(Dm^XGm67m^mm^^^LX\^^ti (Tamamaki et 

al . , submitted) o c:<o-v'i;;^iir^o xmhimiSE.nmmmi^mmmimm t tz 

t:i^^ m'^^yt^^LX\i^:ht:L^i)m^^i^^fz (Nakamura et al. , in prep 

aration)o ^(om^^^^rmmLx. nmnmm^m<Dm(7>mm.7b-^ h . mmwiim 
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[0 0 2 6] 

^i^J[^<D(Mkym^ni^mfl^Mmmm'CitGAD67 promoter7&5?Stt=Sr^fo;&s(Nak 
amura et al., in preparation), m^^mm-^^m^mm'^^ hMM^ iXfzGmk 
imn.nmmmmm&J&(7)m^i^i^^^Xi>m67 promoter^^^ff^^^^oi t 
l^t"^7='-:5'7&^'^^$ttTV>;2> (Westmoreland et al., 2001)o GAD67<7)7'o^«- 

x-r^^t x\ u^t?- ^ -m&<D^it^mMm^xGmimm^^mmmmmm 

[0 0 2 7] 

mk\fB^<Dlk^^^-t^ < hhfm&. Green Fluorecent Protein (GFP) cDN 
A^GAD67 promoter tlo:&v>/iDNA (U 1 <7) 1 ) mmm^HMXUM'^ 4 )^ 

L . 0. 05% Tryps ine-EDTAT^a-T ^ C >^ <Dmm. =Sr $ mmmMWL 

* -b ;v V - - z&^tt ^ ^ t xGrnmrnm^mmmmmmm t GmMmm^mm 

M<07. L/ccondit ioned medium*:^ V^T^SI LtzGASmMik^BB 

mmmmmtGABkimmiimmm^i^mmm^'t:h GmmmmfmAmmm 
mmimm GP£mm^nmmmiim^t<om^Uh ltv^ < o 

[0 0 2 8] 

GFP(0^t> ») neo mycine]itttitfST-«:GAD67 promoter ico^rg'dli 1<D2) 

. GkBkitmmiiiimmm.mmmm.^^ismB.mzmx'r^o mmfmt^m^mir 
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-5)1^0:^^^1^0^6110111 {G41S)iXfiXl^mi:-t^^t'C> GAD67 promoter® 
[0 0 2 9] 

* t GAD67 promoter =S:GFP^neoODNAt^o ^ v^-C ^> , ^M^^ TbmB^W t^ta&o 
"C^^LTV^-Sprimary GABAergic neuron progenitor, secondary GABAergic n 
euron progenitorJC X o -CGAD67 promotert!&tt<^5i ^ -Am^ ^^t i)^^ ^ . GABA 

<DZX\t^ DNA^^^X-Het LTcre recombinase«rfflv^-CV>;2>;6^ CltLJi-fs^ffi 
t?§ ^DNAa<J5t^x.ge^cre recombinasel^RB^ ^1 ii =Jritl*Lrv>^co-ei±^v^ 
o EI 1 <7)4 - 5 IC, DNA|a<^^^^^pm;6WI^1-^DNAK^iJ (l?!lx.{?loxP) mJi^ 
IC-o^^Ktc. i^#:tiJia=Srorm'fbT'^^ V^H-rJ^-DNA (Mx.tfGFP) MM 
iB-tta<E^DNA (|?!lx.t^neo raycin»ttit<5i^) SrlBmt. ^MI&aiT'n^-^- 
myLmk promoter^ B ^#fl^#-^2824433> 2824434) ^^tjmkKm^'^'^X 
i3<o io:ro<7)DNA=i>>?. h h (3i:4. 7^M(i3 t5) GABAfl^Utt 

^mmmrnmrnm^^ismmM Kmx-t ^ o amki^mm^mimmmmm t gaba 

f^i&tt#^li&t?«GAD67 promoterMtt*^abS<OT% mm^^K.mmi^^^M\^ 
. -o<^DNAa^mx.^^7&«TOi-^DNAiB^JOHT-a<^m£;6^®CH?. -e-<^KtC 
o stop codon{± tL o (D^^. ^i^BM ^ '^^itX ^hV-^-^- 

(Mx.t?GFP) ^^M^^fz^^kt. ^jvy-^-^m^^xmk^m^^msim. 
nwmm,tQk&kYmmi'^mm-^5^mt:h ^ tfj^x^. mnm'&miB ^^^^^ 

fz^^\t. 1^mWL^ \,^mn (M k. I^Genet isin) ^Xifth C t X^mkYm^^Um 

mMmmmtQmkim^^mtmktmiim^w^fL^ m2) « ^h^-^m^^t 

:^*j^^M^*#tfJ3i<0X y>(7s L/iconditioned medium«rfflv^T:^# 

^mf^t. Qmkmb'&mw^mimmmmm.L. QkRkYm'&mmmmtm^ 
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[0 0 3 0] 

mm(D^^m^-t^^ii^j:<. t^wj^m^^mimm<o^mii)^'Z-'^ti'j:y). mm 

[0 0 3 1] 

[0 0 3 21 

GAD67 promoter<7)lE CT»i£fr3GFP cDNA=Sr0 55:v*/f 3 h ^gene targe 

t ing:^ ^m^^xy>^ 2^mk^KmwM.^^k-^mmLx nx vfz-^^^T.. gad67-g 

FP knock-in mouse Srfflv^T^ '€-0:^r^^®|*I0GABAf^iJltt#^ljaHtf«J3a=Sr 
i)^^X(Dmmz.W^^^f^X^^^ho -€-tViK:> GAD67 promoterf&'l40*)^^flaii^T 

GFP^r^mtrfei). ttzm-K. GY?^%'m,i^x^^^mmt^xQm^m'&.x^^ 

> f^rt-t^liGABAf^ifttS#^J3am»flJ3ai:GABAi^i(ltt^*^Jiai:l.^ ^ i: 
{±^ ^lc|l|^T#^?^.^t?ib'2>(Tamainaki et al.. submitted)o 
[0 0 3 3] 

:^r«>SgT-{iGABAf^i&tt#0^l&mflEM^^GABA<^S!ltt#^ll&^^^L^tt 
-CV^^m0E#>&v^Li±> II&^ISS BOGAD67-GFP knock- in mmsftOi^m^^^ 

0 m u> 0.5% h u •/vvne^^^-e^afea^-t* ^^Jia^ 
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St. FACS (fluorescence activated cell sorter) tdiiL. GFPI^tS^J3a=S:^^ 

i^t'^it^o/i (02-2) o ^<Dm. mL^fi'tzmm(DGw^^'^^mm3(r> 

U^^^-t^mzm^^fz1%mWL\t^ z^aL-Dj^^^T^ (Reynolds and Welss, 
1992; Vescovi et al., 1993; Gritti et al., 1996) Kh^m^MM^l-'^M 

~'eiBI3&?:^V>r#7^:P^^% (conditioned medium) T'^o /Co 
[0 0 3 4] 

fzibiz-^m^^i^WL'^xiiy^^rzBidu^mmmizii^ «9 i2.^-ev^/io ^(ommk^^ 

^^i^ltj:i)^'=>fz^}i-fy-h. mmMM \Z a -SBrdUOflJl ^^X^-o fz^Lt 

hfifzo tfz^mL-rz^k<oz:'D<Dms\mi. m^ti>GFPm^x-$>^. roo- 

fZo 

[0 0 3 5] 

[^0^<^^*] 

CltLtT'> lEEtt^«^1=*^^«0:^#^#«:pg5-rS-^^T». GABA<lPi&tt# 

14^31'^^ il'S^oTU^fzo i<7)mM<^l&5gi^ctoT> GABAf^i&141=$MiM 
AD67!t14<^)iPiajja«:m^1-'5 <^"e. JigI^-e{iGAD67l^miHliatiGABAf^14^t|i«Bfla 

fzifx^:hzti^x.^t. Gmki^W}immmmMmmmii^m-t^^tizx o 
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mi] 

o 1 - 2 {i. E^GAD67 promoter tCGFPa^S?-^ neo mycinitttSfS^^rO^V^ 

-fhfzt) tC5pJffl i" ^ o 3-5 {iGAD67 promoterfStt J: o T ^^t" ^ ere recomb 
inase'SrflJfflLT^ GFP-^neo mycinlSH-ttitfET^GABAfPlfttt^^M^a tOABAfpK/ 

GABAf^Sitt^*^mmigm=^^gli-^ /c*:> 
l-^Offl-f-So #U<i±^ 3{±^ GAD67 promotertCcre recombinase DNA=Sro^v> 
fi-nyT.y^i^ h-e^J?, 4{iGABAf^i&tt#^^J!&fcGABAf^i»tt#MJ!&llfirai 
JE^> ere reeombinase ^i^L/iGFP<7)^31^flJffl LT:^g|1-;?):^^tC'f5e9DNAn 
yy^hy> YX^^o 5 l±GABAf^i&14#0ilJ3ai:GABA#ttii#SmHirlg^J!a5: 
^ ere recombinase S::^L/ineo mycin iSH'ttiS'lST-O^^S^'Ko T^^i"^;;^^ 

[0 2] 

§^m(Dmm<DM'm(DUmmX^:ho (2-1) ^^JWtt^tiE^ (neo myei 
nWftitfK^) ^rflJffi L/cGABAf^14#«flJ!&i:GABAfiPi&^?*0^WI^Jiao 
^m^^r^i-o gIlC^>;SZ:@ISODNA3V:^ h (m 1 <7)3#fc 5#) 

mtc^AL/c^-g-, GABAfpl!j14^*«am^GABA^^Sitt#^^B&#r|gga^gT'(iGAD6 
7 promotertSttcOTti^ere recomb inase^&^^^L^ stop signal DMit^^M^fi 
^ neo mycinJliH-14=S:il^if ^Ot?^ neo mcin$^W^M<O^^K X OGeneticin^ 

(2-2) {i. ^'^mi^^'^^itx^^vi!^-'$'-mk{Q¥?)^mm\.fz(A 
BAf^i&ttWM^jia GABAf^sitt^* ^liaiif iMflao^s-giia ^-r o s ^, * urn 

liODNAn^;^ h^^' h (Ell<^3#^4#) ^rmi^l^ALf^J^-^. GABAf^Sl 
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